Abstract Colorectal cancer, the second leading cause of mortality in the USA, can be prevented with colorectal cancer screening. However, many people who should receive the screening do not get screened. To learn more, this study estimated the prevalence of up-to-date colorectal cancer (CRC) screening and examined the relationship between CRC knowledge and screening compliance among Asian Americans living in the Baltimore-Washington Metropolitan area. The study included a cross-sectional sample of 274 Chinese, Korean, and Vietnamese Americans aged 50-75 years old. Participants completed a questionnaire regarding CRC knowledge in either their preferred native language or in English, and data were collected in person. The percentage of total participants with up-to-date overall CRC screening was 52.9%. Up-to-date fecal occult blood test (FOBT) screening was 15.0% and colonoscopy was 50.7%. The average CRC knowledge score was 6.10 out of 9 (SD = 2.91). Those with high education, high English proficiency, married, health insurance, and good physical health ratings had higher CRC knowledge. In multivariate analysis, CRC knowledge was significantly correlated with increasing up-to-date colonoscopy (aOR = 2.74, 1.13-6.64). Having health insurance (aOR = 4.40,) was another predictor of up-to-date colonoscopy. These findings suggest that CRC knowledge is a strong predictor of CRC screening behavior in Asian American populations. Lack of CRC screening knowledge still remains an important barrier to screening, and increased public awareness is necessary to achieve greater screening compliance.
Introduction
Colorectal cancer (CRC) is the second most common cause of cancer-related death in the USA [1] . Among Asian American men and women, CRC is the third leading malignant neoplasm and one of the top causes of cancer-related mortality [2, 3] . In recent years, CRC incidence and mortality have increased among three of the largest Asian American subgroups: Chinese, Korean, and Vietnamese Americans. From 1990 to 2008, the incidence of CRC in Asian Americans, particularly Vietnamese and Korean Americans increased, with Korean Americans having higher than or comparable rates to those of non-Hispanic whites [3] . A study conducted in California reflected similar patterns in Korean and Vietnamese American populations [4] . Furthermore, Chinese American adults in California had higher CRC incidence rates, while Chinese and Korean American adults in California had higher CRC mortality rates than the total Asian/Pacific Islander population [5] .
To reduce the risk of CRC incidence and mortality, the US Preventive Services Task Force (USPSTF) has recommended that all adults aged 50 to 75 should be screened for CRC using stool-based tests, such as fecal occult blood test (FOBT) yearly, or direct visualization tests, such as colonoscopy, every 10 years [1] . Both FOBT and colonoscopic screening have been shown to significantly reduce the risk of CRC death in a cost-effective manner [6, 7] . However, previous studies have shown that Asian Americans as a whole have lower screening rates than all other racial groups, including non-Hispanic Whites (46.8 vs 57.7%, respectively) [8, 9] . When separated into ethnic subgroups, Korean and Vietnamese Americans self-reported the lowest CRC screening rates [8] . Chinese American populations in Chicago were less likely to undergo CRC screening compared to Vietnamese, and both groups had lower rates of CRC screening than the national average [10] . The National Colorectal Cancer Roundtable has established a nationwide movement of B80% by 2018,^which aims to raise the screening rate among the general American population to 80%, but Asian American screening rates are not on track to reach this goal [9, 11] . Therefore, increased screening for CRC among Asian Americans may be a critical step in reducing CRC incidence and mortality.
In a cross-sectional study of 815 Korean, Vietnamese, and Chinese Americans, it was determined that factors associated with decreased likelihood of CRC screening included lower education levels, lack of health insurance, lack of employment, and decreased English proficiency [12] . Another study of 205 Korean Americans showed that CRC screening is correlated with marital status, general physical health, and time spent in the USA [13] . English proficiency and time spent in the USA, also known as proxy measure of acculturation, are powerful predictors of screening likelihood, as well [12, 13] .
Knowledge about CRC is one of the most important factors to affect a person's inclination to undergo screening [14] . In African-American populations, participants who were more informed about CRC were more likely to perceive the benefits of screening as outweighing the barriers [12] . In addition, lower CRC knowledge was associated with less education, lack of employment/health insurance, and lower income among African Americans and Whites living in the Kentucky; these factors lead to low CRC screening rates [15] . CRC knowledge, attitude, and behavior questionnaires administered to Japanese Americans and Asian American populations in Michigan yielded similar results [16, 17] . These studies showed that mailing educational pamphlets and using Asian-language media could increase CRC knowledge, educate the public, and help decrease barriers to screening [16, 17] .
Previous studies investigating CRC screening in Asian Americans have been conducted in areas with dense Asian American populations, such as California, New Jersey, New York, and Philadelphia [8, 9, 12, 18] . To learn more about factors affecting CRC screening among Asian Americans, we studied another area with a dense Asian American population, the Baltimore-Washington Metropolitan areas (BWMA) [19] . The purposes of this paper are as follows: (1) to report the rates of up-to-date overall CRC screening and test-specific CRC screening (e.g., FOBT, colonoscopy) among Asian Americans in the BWMA and compare those rates with national data on Asian Americans from the 2009 California Health Interview Survey (CHIS); (2) to examine the CRC knowledge scores and correlates of CRC knowledge; and (3) to examine the relationship between CRC knowledge and up-to-date colonoscopy in Asian American populations residing in the BWMA.
Methods
This is a secondary data analysis of data collected as a part of the Asian American Liver Cancer Prevention Program (hereinafter the Program) for our paper. Using a non-probability sampling method, foreign-born Asian American adults, aged 18 years and older, were recruited from the community in the BWMA. One or two weeks before the Program, we had a prescreening event to recruit eligible participants. Of the 645 eligible volunteer participants, 30 did not show up for the program. Of the 615 who attended the program, 15 did not complete the initial survey. A total of 600 Asian Americans aged 18 and older completed the survey [20] . From this cohort of 600, this paper included 274 respondents between 50 and 75 years of age in the analysis.
Recruitment Procedure
We recruited participants who expressed interest in participating. They were screened for eligibility and invited to participate in the study through local community-based events and through other connections made through a community advisory board (CAB) that was established in 2008. The members of CAB were critical sources for obtaining the referred locations for recruitment. Three major recruitment strategies adopted were as follows: (1) advertisements that described the study were placed in local Chinese, Korean, and Vietnamese newspapers and in local Asian grocery stores, and individuals who responded to the advertisements were screened for eligibility and invited to participate in the study; (2) community announcements of upcoming screening events by lay health workers (LHWs); and (3) contact with church and temple leaders to arrange recruitment days where church and temple members were invited to participate in the study on the spot. Most participants were recruited directly by LHWs or learned about screening events through word-ofmouth.
Data Collection Procedure
After obtaining informed consent, all of the participants were asked to complete a self-administered questionnaire in English, Chinese, Korean, or Vietnamese, with the assistance of a bilingual interviewer when necessary. The data collection period was from April 2013 to March 2014. This study was approved by the Committee of Human Research at Johns Hopkins Bloomberg School of Public Health.
Measures
The questionnaire was translated into respective ethnic languages by bilingual research assistants and back-translated into English by different bilingual research assistants. The translated questionnaire was compared and discussed to reach to a consensus of the best wording choice in each ethnic language. Then, the questionnaire was pilot tested and reviewed by community advisory board members.
CRC screening behaviors included FOBT and colonoscopy. Participants were first asked if they had undergone each of these screening tests. For instance, participant utilization of the colonoscopy was assessed first by asking whether they had ever had colonoscopy (yes, no, not sure), and if yes, when they had their most recent colonoscopy (<a year ago; 1-5 years ago; 5-10 years ago; more than 10 years ago). Then, the measure of up-to-date colonoscopy was categorized into 0 = no/ had more than 10 years; 1 = had less than 10 years.
CRC knowledge was adapted from the instrument of 17 knowledge questions in our recent CRC study of Chinese and Korean Americans [21] (see Table 3 ). Our knowledge measure consisted of nine questions covering topics such as CRC risk factors (e.g., BRisk of CRC becomes greater as a person gets older^), symptoms (e.g., BBleeding is a symptom to report to your doctor^), screening knowledge (e.g., BCRC screening is not necessary if there are no symptoms^), and treatment knowledge (e.g., BThe treatment for CRC may not be as bad if the cancer is found early^). Each correctly answered question was given a point; scores were summed to yield the final knowledge composite score ranged from 0 to 9. The composite score of CRC knowledge was highly skewed to the high end and was converted to a three category ordinal variable denoting low (0-6), medium (7) (8) , and high (9) . The internal reliability of the instrument in this study was good (Cronbach alpha = .87).
Control Variables Demographic information included in the analysis were age, gender (0 = male; 1 = female), ethnicity (0 = Chinese; 1 = Korean; 2 = Vietnamese), marital status (0 = no; 1 = yes), employment (0 = no; 1 = yes), and having health insurance (0 = no; 1 = yes). Education was categorized into 3 categories: <high school, high school graduate+, or >college graduate. As a proxy measure of acculturation, spoken English proficiency was measured on a 5-point scale ranging from not at all (=1) to fluent like a native speaker (=5). Participants rated their current health on a 5-point ordinal scale ranging from poor (=1) to excellent (=5).
Data Analysis
Three sets of analyses were conducted. First, descriptive analyses were performed to provide background information on the sample. We reported the rate of CRC screening by subgroups of Asian Americans in our study population as well as in the 2009 CHIS data which consists of a sample population containing high percentages of Asian American. For the CHIS data, we conducted weighted descriptive analysis by using command of svy in STATA [22] to account for the design of the complex and multistage sample by using the jackknife method to compute standard error estimates. Second, we examined the percent of correct CRC knowledge and identified the correlates of CRC knowledge using zero order correlations. Finally, we conducted logistic regression analysis to examine factors associated with up-to-date colonoscopy. All analyses were performed with STATA version 13 software.
Results

Sample Characteristics
Characteristics of the 274 Asian Americans are shown in Table 1 . Participant average age was 57 years (range 50-75, SD 5.21), and more than half were female (58.8%). About two-thirds were employed (63.7%). More than four-fifths were married or living with a partner (84.2%). Mean score of self-rated physical health was 2.95 (SD: 1.02) on a scale of 1 (poor) to 5 (excellent). About half reported having no or poor proficiency with spoken English (47.8%). About half had health insurance. Compared to the CHIS data, our participants had much lower rates of up-to-date FOBT: about 15% reported having up-to-date FOBT. Vietnamese had the highest rate of up-to-date FOBT (21.3%, 95% CI: 12.9, 31.8) followed by Chinese (13.8%, 95% CI: 7.3, 22.9) and Korean (11.2%, 95% CI: 5.9, 18.8). These differences between our study sample and the CHIS data among Chinese and Koreans were statistically significant based on no overlapping 95% CI.
Rate of Up-to-Date CRC Screening
Rates of up-to-date of colonoscopy among the participants in the CHIS and our study were also compared ( Table 2 ). In the CHIS, the rate of up-to-date colonoscopy was lower among Asian Americans (47.0%) than Whites (55.4%). When the CHIS data were disaggregated by Asian American ethnicity, Chinese Americans had the highest rates of having colonoscopy less than 10 years ago (53.3%, 95% CI: 45.8, 60.7) followed by Korean Americans (49.9%, 95% CI: 38.4, 61.5) and Vietnamese Americans (42.1%, 95% CI: 30.6, 54.6). In our study of Asian Americans, Chinese had a higher rate of up-to-date colonoscopy (63.2%, 95% CI: 52.2, 73.3) than Vietnamese (47.5%, 95% CI: 36.2, 58.9) and Korean (42.9%, 95% CI: 33.5, 52.9). These differences between our study samples and the CHIS population were not statistically significant based on overlapping confidence interval.
CRC Knowledge
CRC knowledge scores ranged from 0 to 9 with a mean score of 6.10 (SD = 2.91) ( Table 3 ). The percentage of correct answers per question ranged from 47.0 to 79.3%. Fewer than half of participants (47.0%) answered correctly that BCRC begins as a growth in the colon or rectum.^Participants also had low screening knowledge (59.6%) that BCRC screening is not necessary if there are no symptoms.Ĉ
orrelates of CRC Knowledge
Zero-order correlations were computed across all variables including CRC knowledge to assess overlapping variance. Education, marital status, English proficiency, having health insurance, and self-rated health were significantly associated with CRC knowledge (Table 4) . Education was significantly related to self-rated physical health (r = .38, p < .001) and having health insurance (r = .29, p < 001). English proficiency was also highly correlated with education (r = .53, p < .001), having health insurance (r = .41, p < .001), and physical health (r = .45, p < .001). In consideration of multicollinearity of these measures and English proficiency, we decided to have final model of CRC screening without English proficiency.
Factors Associated with Having Up-to-Date Colonoscopy
The results of the bivariate and the multivariate logistic regression analyses are shown in Table 5 . In bivariate analysis, ethnicity, self-reported physical health, having health insurance, and CRC knowledge were associated with having up-to-date colonoscopy (p < .05). Education was marginally significant at p < .10. In multivariate analysis, education, health insurance, and CRC knowledge were significantly related to having colonoscopy. Those with high CRC knowledge were more likely to have colonoscopy than those with low knowledge (aOR = 2.74, CI, 1.13, 6.64). Those who had health insurance 
Discussion
This study reported the prevalence of up-to-date CRC screening and the predictors of CRC knowledge and CRC screening behaviors in Chinese, Korean, and Vietnamese populations residing in the Baltimore-Washington Metropolitan areas. The results of the data allow us to make several key points regarding how CRC knowledge and other factors affect CRC screening. Although regular CRC screening is advised for all people ages 50 to 75, participants in this study appeared to have the low rates of up-to-date FOBT among Chinese and Korean Americans, consistent with previous studies [7, 21] . The rates of up-to-date colonoscopy were higher than those reported in previous studies from data on Asian American [13, 21] . Overall, these up-to-date CRC screening rates still lag significantly behind screening rates of the general American population, further supporting the need to focus on increasing screening among Asian Americans in order to meet the national CRC screening goal of 80% by 2018 [11] .
Our findings also indicate that more study participants had colonoscopy screening than FOBT screening (50.7 vs 15.0%). Colonoscopy is becoming the test of choice in the general population and in minority groups [23] . It may be because primary care physicians are recommending colonoscopy, since a majority of physicians think that colonoscopy is more accurate than FOBT. Although primary screening through FOBT may be much cheaper on a population basis [24] , it is difficult for participants to follow up annually with FOBT a Weighted data analysis using svy in STATA screening, causing lower rates of up-to-date screening. In addition, even though patients may have received the FOBT kit from their doctor, they may forget to mail in the test or return it to their doctor.
Interestingly, our study showed that Chinese Americans in the targeted area have higher rates of up-to-date colonoscopy screening compared to those in the 2009 CHIS (63.2 vs 53.3%). This may be due to their higher education. We found that the Chinese in the sample had a significantly higher level of education compared to the Koreans and Vietnamese in the sample (51% of Chinese had more than college education compared to 39% of Korean and 10% of Vietnamese). The disparity between our finding and previous results could indicate significant differences in demographic variables of Asian Americans living in the BMWA. In terms of any previous up-to-date CRC screening, Korean Americans had the lowest rates for overall CRC screening and test-specific CRC screening (e.g., FOBT, colonoscopy) compared to Chinese and Vietnamese Americans. This observation is consistent with findings from Hwang et al. that Korean Americans had the lowest CRC screening rates among Asian American subgroups [13] . Future research studies could further examine the relationship between screening likelihood and certain demographic variables within Asian American ethnic subgroups.
The average CRC Knowledge score among our survey participants was slightly lower than those reported from similar quizzes administered to Asian American and White populations [14] . While greater than 90% of participants from these earlier studies answered certain questions correctly, the question with the highest percentage correct in our study was much lower at 79.3% [21] . Less than half of our survey participants answered the question, BCRC begins as a growth in the colon or rectum,^correctly. In comparison, in studies by Lu et al., 70% of participants answered the same question correctly [21] . This result may suggest that Chinese, Korean, and Vietnamese American populations in the BMWA are much less informed about CRC than Whites, African Americans, and Asian Americans living in other regions of the USA, and because knowledge is correlated to screening behavior, we must focus on educating Asian American populations about CRC in order to increase screening.
CRC knowledge and health insurance status were two important predictors of CRC screening behavior in this study. Consistent with previous findings [16, 17] , knowledge of CRC is the strongest predictor of CRC screening behaviors among Asian Americans. These findings also verify previous studies that lack of health insurance is a consistent barrier to screening [12, 13, 15] . Interestingly, individuals with greater than high school education level were less likely to undergo screening compared to those without a high school diploma. It might be assumed that those with higher education and employed had no time to have up-to-date colonoscopy even if they had health insurance.
There were several limitations in this study. First, our sampling method was based on convenience and lacked randomization. Therefore, results from this study cannot be generalized to all Asian Americans living in the USA. Second, our data were self-reported by participants and were not verified through outside sources. This may result in recall bias and incorrect answering of survey questions. Third, we used weighted data analysis to consider oversampling of Asian Americans in the CHIS. Nevertheless, there are many methodological differences between our Program and the CHIS. In order to properly contextualize observed differences, we need to consider the following: sampling strategy (convenience sampling vs random sampling), mode of administration (personal interview vs phone interview), geographic location (Baltimore-Washington Metropolitan areas vs California), and year of data collection (2013-2014 vs 2009 ).
Despite these limitations, the findings of this study are an important reminder that CRC knowledge and screening behaviors in Asian American populations still lag behind those of the general American population, and future strategies and interventions to educate Asian Americans on CRC are still much needed areas of improvement. This result again reflects the idea that increasing the understanding of the general public on CRC and its preventability are of utmost importance in increasing screening compliance.
